Thirty-six patients with angina were investigated by treadmill exercise testing and coronary angiography prior to coronary artery surgery. Severity of angina was judged by interview and self-assessment visual analogue scale and all patients were psychiatrically assessed. Further physical and psychiatric assessments were made at 3 and 6 months postoperatively. Eleven patients (31%) had significant psychiatric morbidity preoperatively and these had worse symptom scores and exercise tolerance compared with nonpsychiatric cases, despite equivalent coronary angiegraphic findings and left ventricular function. Postoperatively, exercise tolerance improved equally in both groups but psychiatric cases remained significantly more symptomatic. Psychiatric morbidity remained unchanged throughout the study.
Introduction
Coronary artery bypass surgery has become an accepted treatment for angina pectoris and the indications for surgery have recently been reviewed'. Most patients are referred for surgery when their symptoms are not adequately controlled by medical therapy alone. Thus the initial decision for coronary artery surgery is subjective, but can be strengthened objectively by exercise testing. Poor exercise performance with early changes of ST segment depression on the electrocardiograph imply severe disease 2 -4 and support the decision to refer for surgery. Details of coronary anatomy are then obtained by coronary angiography but often this provides technical information for the surgeon and does not help in the decision to refer the patient to him. There are exceptions to this as for example, in the case of left main stem stenosis recognized at angiography, where surgery is indicated since it confers an improved survival. Most such patients will have severe symptoms with early positive exercise tests and thus will have already been selected.
We have previously shown" that the duration of exercise on a standard treadmill protocol was influenced by changes in mood, so that patients with coronary artery disease and depression walked for a significantly shorter time. Moreover, significant correlations were found between anxiety and depression scores and exercise duration. Hence the decision to refer the patient for coronary artery surgery may be influenced by psychiatric factors, either subjectively through angina or objectively through exercise testing.
Ifdepressed and anxious patients have subjectively more severe angina and objectively worse exercise tests do they also fare poorly after coronary bypass surgery? In this study we have assessed patients before and after coronary artery surgery to identify psychiatric 'cases' and to determine their outcome. The study was performed by cardiologists and psychiatrists independently; the cardiologists were unaware of the results of the psychiatric assessment until after the study was completed so that the decision to refer for surgery was not influenced by the prior knowledge of the psychiatric state of the patient.
Methods

Patients
Forty-one patients (36 male; 5 female) of average age 55 years (range 41-70 years) were enrolled into the study. Informed consent was obtained. All had angina of effort and were inpatients for assessment prior to referral for coronary artery surgery. All had symptom limited treadmill exercise tests using a standard Bruce protocol" and cardiac catheterization which included left ventricular angiography and coronary arteriography.
Symptom assessment
Patients were interviewed by a cardiologist and their symptoms scored using an angina questionnaire ( Figure 1 ). Patients were asked to make a subjective assessment of the severity of their angina by marking on a horizontal scale 100 mm in length and labelled 'no angina' at one end and 'constant angina' at the other end (visual analogue scale).
Objective assessment
Exercise tolerance was judged from the exercise test.
The time to 1 mmofplanar or downslopingST segment depression was recorded as was the time to symptoms. The coronary angiograms were scored according to the method of Brandt 7 • The severity of left ventricular impairment was judged from the left ventricular angiogram as normal, mild, moderate or severe.
Psychiatric assessment
All patients were interviewed on the ward following the diagnostic cardiac catheterization by a psychiatrist. All completed the General Health Questionnaire Figure 1 . Classification of the severity of angina (GHQ 28)8, the Eysenck Personality Inventory (EPI Form A)9, and the Clinical Interview Schedule was administered (CIS)10. All patients with a GHQ of 10, as recommended for medical Inpatients!', were classified as 'cases' and these were all confirmed by the CIS. Thus there were no false positives nor false negatives. Patients were asked whether they considered the operation would increase longevity or improve quality of life. became psychiatrically disturbed following coronary surgery. Hence the probability ofbeing psychiatrically disturbed after surgery was significantly associated with previous psychiatric morbidity (P<0.005 Exact). 
Follow up
Following coronary artery surgery patients were recalled at 3 months for repeat clinical and psychiatric assessment (GHQ 28) and a symptom limited exercise test was again performed. At 6 months after the operation, symptoms were further assessed by means of postal questionnaires (GHQ 28 & EPI Form B).
Statistical methods
The results were analysed by Student's t-test and nonparametric statistical methods where appropriate.
When the x 2 test was used the corrected x 2 value only is quoted. Probability of < 0.05 was considered significant.
Results
Of the 41 patients initially assessed, 5 were not referred for surgery and were therefore excluded from the study. Of the remaining 36 patients, 4 died and 3 were lost to follow up (although all are alive); complete data were therefore available on 29 patients. Coronary artery bypass surgery was both subjectively and objectively successful (see Table 1 ). Only 13 (45%) had a positive exercise test following surgery compared with 27 (93%) before surgery (~=12.6; P<O.OO1).
Of the 13 cases with positive exercise tests before and after surgery, the time to 1 mm ST segment depression was longer after surgery by a mean of 0.9 min (P=O.l1 paired z-test; Table 1 ).
Psychiatric cases
Of the 36 patients initially referred for coronary surgery, 11 (31%)were found to be psychiatric 'cases' using the GHQ criteria; 7 were confirmed by interview (CIS) to be depressed with some associated anxiety and 4 were considered to have life-long anxious personalities with recent exacerbation. During follow up, 3 (27%) of the cases died compared with 1 (4.5%) of those without psychiatric morbidity (P=0.08 Exact test). Of the 8 surviving cases, 5 (63%) remained cases by GHQ criteria at follow up after 3 months and again after 6 months. (In one case the GHQ was not obtained on follow up and in 2 cases psychiatric scores improved after surgery.) Two (10%) further patients
Personality variables
The only relationship found between personality variables on the EPI was a significant correlation between neuroticism and GHQ score (Spearman correlation coefficient R.=0.55; P< 0.001). No relationship was found between personality variables and symptom scores and exercise parameters.
Angina scores
Preoperatively: The severity of angina as judged by the doctor was not significantly different in the two groups. Psychiatric cases had significantly higher selfassessment symptomscores(Table2).The pre-operative GHQ score significantly correlated with the self assessment symptom score <R.=0.40; P<0.02). Psychiatric caseshadsignificantlyshorter exercise time to symptoms and shorter time to 1 mm ST segment depression ( Table 2 ). This latter measure has been used as an objective end point for exercise testing and these results would indicate that psychiatric cases had worse coronary artery disease. However,coronary SCOre taken from the coronary angiogram showed no significant difference between the two groups. Also the degree of left ventricular dysfunction was equivalent in the two groups. Six (55%) cases and 11 (50%) normals had had previous myocardial infarction (P=0.28 Exact). The median duration of angina in the cases was 4 years (range 1-15 years) which was not significantly different from the non-cases (median 1.5 years; range 0.25-14 years; P=0.1 Mann Whitney U test). All but 2 patients perceived coronary surgery as a life lengthening procedure as well as a means of improving symptoms and therefore quality of life.
Postoperatively
Psychiatric cases were subjectively more symptomatic followingcoronary artery surgery compared with noncases, although there was no significant difference between the groups in the symptom assessment by the doctor. The change in visual analogue score following surgery was less in psychiatric cases than in non-cases (median change=13.5 mm range -27-87 mm compared with 33 mm range 3-91 mm; P< 0.04) Postoperative visual analogue score significantly correlated with preoperative GHQ <R.=0.48; (Table 3 ).There was no difference in the change in exercise duration following surgery (median = +1.4 min range -3.15-6.1) in cases and non-cases (+ 1.4 min -0.5-5.95). Six (75%) of the cases had negative exercise tests compared with 10 (48%) of non-cases (P=ns; Exact). Psychiatric cases waited a median of 7 weeks (range 3 weeks to 6 months) for their surgery compared with non-cases (median 10 weeks; range 1 week to 11m onths; P=NS Mann Whitney). Seventeen patients had surgery in Bristol and 12 in London and there were no significant differences between the outcome with respect to surgical centre. By 3 months of follow up only~of the cases had returned to work, 5 non-cases had returned to work and 2 were planning to. The remainder (21 patients) were either retired or on sick leave or disability pension and had no intention of returning to work.
Discussion
In this study we have shown that almost a third of patients with angina awaiting coronary artery surgery have significant psychiatric morbidity, which is about the same as has been previously found in other studies of patients with general medical problems's, We have shown also that psychiatric cases are significantly more symptomatic and have shorter exercise times before coronary surgery compared with non-cases. Despite this psychiatric cases were not shown to have objectively worse coronary artery disease from the angiographic data. There are many possible causes for this discrepancy. Angina occurs when myocardial oxygen demand exceeds supply and mood disturbances increase cardiac work by autonomically mediated increases in heart rate, blood pressure and myocardialcontractility.
Also coronary blood flow, may be decreased by autonomic effects on coronary artery tone. Alternatively, since the expression of myocardial ischaemia as pain has been shown to be very variable (hence the concept of 'silent ischaemia'P), so psychiatric factors may influence the threshold at which pain is felt by heightened awareness or arousal. Psychiatric morbidity was generally unchanged throughout the study; those patients psychiatrically disturbed preoperatively remained so postoperatively.
Moreover, long duration of angina or previous history of myocardial infarction were not associated with increased psychiatric morbidity suggesting that chronic physical symptoms or acute life threatening events do not cause persistent psychiatric morbidityrather they worsen a pre-existing state. Surgery itself did not appear to be a cause of psychiatric morbidity recognizable at 3 months.
The symptomatic outcome of coronary artery surgery was affected by psychiatric factors. Although no significant association was found between psychiatric morbidity and mortality from coronary artery disease, 3/11 (27%) of cases died compared with only 1/25 (4%) of non-psychiatric cases. Recent work-! has shown that psychiatric factors may influence mortality and morbidity in patients with acute myocardial infarction. Psychiatric cases did not improve as much subjectively following coronary surgery as normals, and remained highly symptomatic. Ifsurgery is seen as a treatment for symptoms, these patients fared worse, and psychiatric illness preoperatively predicted a poor symptomatic outcome.
Most of the previous studies of outcome of coronary artery surgery have considered return to work as a measure of the success of the procedure'PP and many American studies have shown a disappointing result 15, 17, 18 . A more recent study showed that one year after coronary artery surgery the number of patients working had increased by only 10% over those working prior to surgery20. Factors associated with a poor return to work included the degree of symptomatology of the patients in terms of relief of angina and symptoms of heart failure 15.19. In our study, overall return to work was poor and patients with significant psychiatric morbidity had a much worse work record.
The attitude of patients in their expectations of surgery and their response to health workers has been shown to affect symptomatic outcome. It is clear from our study and others 20 that patients perceived surgery as a life prolonging procedure as well as simply improving symptoms. Pilowsky21 in Australia, followed 50 patients after coronary artery surgery and found that those whose angina was no better or worse had different 'attitudes' compared to those with a good symptomatic response to surgery. Patients with 'high responsiveness to reassurance', and low irritability, low health concern, low pain related illness anxiety and low interpersonal discord did well with surgery. This would suggest that psychologically speaking, the best candidate for coronary surgery should be a phlegmatic well balanced stoic with absolute faith in his attendants! This study shows that patients with psychiatric morbidity have worse angina and are not symptomatically helped as much as normal patients. Because these patients are more symptomatic it is important to ensure that coronary surgery is offered for appropriate objective indications and not simply as another treatment for patients who remain highly symptomatic despite 'full medical therapy'. Perhaps this term should only be used when the psychiatric needs of the patients have also been considered. Since coronary surgery is successful in psychiatrically disturbed patients in improving exercise tolerance and yet fails to give symptomatic relief, studies are needed to evaluate ways of improving their symptomatic response to surgery.
